New hybrid magnetic materials based on HDPE filled with Со and Ni nanoparticles have been prepared via the metal vapor synthesis. Properties of the metal-polymer composites have been elucidated as a function of MVS parameters and metal nature. The Faraday method has been applied to characterize the magnetic properties of the systems. The microstructure of the samples has been studied with a number of X-ray and synchrotron techniques, including XRD, EXAFS and SAXS. Core-level and valence band spectra were measured by XPS. The peak at binding energy of 282.8 eV characteristic of C-Ni bond was recorded in the C 1s spectrum. It was shown that properties of nanocomposite materials with similar compositions are determined both by the synthesis conditions and post-synthesis factors.
Introduction
The metal vapor synthesis (MVS) is an efficient means of purposeful synthesis of nanosized monoand bimetallic particles as well as their derived composites. Modification of polymers with metal nanoparticles give rise to a complex of new functional properties, e.g., magnetic, catalytic, antibacterial ones, etc [1] [2] [3] [4] .
In the vast majority of cases, processing of metal-filled polymers into target products imply an intense external action of temperature, high pressure, reactive chemicals, etc.
The present paper reports on the synthesis and characterization of composites derived from high-density polyethylene (HDPE) (М = 2·10 5 ) filled with Co and Ni nanoparticles prepared by the MVS method. The presence of ferromagnetic species enables the use of the magnetostatic measurements (i.e., the Faraday method) to characterize their bulk magnetic propertis [5] . The structure of the materials is studied using X-ray and synchrotron techniques, viz., X-ray diffraction (XRD), Extended X-ray Absorption Fine Structure (EXAFS) and Small Angle X-ray Scattering (SAXS) [6] .
Experimental
A typical MVS reactor [1] [2] [3] [4] has an evacuated volume of 5 l. Nickel or cobalt samples (0.3-0.5 g) are evaporated into vacuum of 10 -2 Ра with a W evaporator.
Metal vapor is allowed to condense at the reactor walls cooled down to 77 К simultaneously with toluene (100-120 ml). Prior to the synthesis toluene has been distilled over sodium under Ar and further degassed in vacuo by several consecutive freeze-pump-thaw cycles.
After the synthesis, the reactor walls are allowed to heat up and the metal-toluene ice is transferred right upon melting into jelly-like HDPE-toluene mixture.
Metal-polymer composites have been prepared by two methods А and В, the respective conditions are detailed in referencing to the C-C/C-H peak in the C 1s spectrum (284.8 eV).
Results and discussion
The cobalt blacks demonstrate totally different behavior [7] . Probably, the application of a lower temperature in the case of the toluene-HDPE system coupled with ultrasonication effectively encapsulate very small Co nanoparticles within the polymer shell. -856.5 eV [23] while that of O 1s is at 528.9-530.7 eV. It should be noted that reliable assignment we have compiled only data with satellite shifts. To discriminate between NiO and Ni(OH)2 we compared Ni 2p line shape as well [24] [25] [26] . The Ni 2p binding energies of Ni-HDPE composite compared with those in Table 1 show positive shift relative to the reference data. For the Ni/SiO2 nanocomposite prepared by similar way the chemical shift was less by 0.8 eV [8, 9] .
This pure Co is~12 Å [27] , while that in polyethylene is~27 Å [28] , the corresponding information depth 3 is~81 Å.
Because  of the valence band and the C 1s
photoelectrons is more than that of Co 2p photoelectrons they were analyzed as well. The introduction of Co into polyethylene leads to an insignificant broadening of the C 1s peak, while significant changes in the valence band spectrum are observed (Figure 1 ). These changes reflect the change in the density of states near the Fermi level. eV is assigned to oxidized carbon atoms of HDPE, while that at 534.5 eV is assigned to chemisorbed water. The peak at 529.4 eV could be assigned to physisorbed water and/or O-Co bonds [23, 29] . However, the latter assignment is less probable because of small difference in inelastic mean free paths of the Co 2p and O 1s electrons and great difference in ASF [30] . 
Conclusion
The results presented above demonstrate that properties of nanocomposite materials with similar compositions are determined both by the synthesis conditions and post-synthesis factors, which has to be necessarily taken into account in their further processing.
An XPS analysis of the Ni-HDPE system showed formation of Ni-C bonds. When heated, this process accelerates; it can lead to the formation of a phase with lower magnetic characteristics. The Co-HDPE system behaves differently. Its heating is accompanied by an increase in the magnetization, which can be caused by the aggregation of metallic particles.
